Studies that show differences in the components of synovial fluids in osteoarthritis and rheumatoid arthritis may be helpful diagnostically. Synovial fluids from joints involved by rheumatoid arthritis contain a high concentration of protein, and electrophoretic studies reveal increased a2-globulins (1, 2). Since this protein fraction contains the highest concentration of hexose among the, electrophoretically separated proteins of serum (3), determination of nondialyzable hexose concentration in synovial fluid was undertaken. In synovial fluid from osteoarthritic joints the nondialyzable hexose concentration, determined with the anthrone reagent, was similar to or lower than the normal level, while in synovial fluid from joints involved by rheumatoid arthritis it was elevated.
Studies that show differences in the components of synovial fluids in osteoarthritis and rheumatoid arthritis may be helpful diagnostically. Synovial fluids from joints involved by rheumatoid arthritis contain a high concentration of protein, and electrophoretic studies reveal increased a2-globulins (1, 2) . Since this protein fraction contains the highest concentration of hexose among the, electrophoretically separated proteins of serum (3), determination of nondialyzable hexose concentration in synovial fluid was undertaken. In synovial fluid from osteoarthritic joints the nondialyzable hexose concentration, determined with the anthrone reagent, was similar to or lower than the normal level, while in synovial fluid from joints involved by rheumatoid arthritis it was elevated.
The first step in this study was to identify the carbohydrate components of dialyzed synovial fluid that contributed to the anthrone reaction. Synovial fluid was dialyzed and then lyophilized. The lyophilized solids were hydrolyzed in sulfuric acid, and the carbohydrates in the hydrolysate were separated by a combination of zone electrophoresis in borate buffer and paper chromatography. Galactose, mannose, small amounts of fucose and glucose, and hyalobiuronic acid were found.
MATERIALS AND METHODS

I. Identification of carbohydrate components
Synovial fluid from normal subjects. Synovial fluid was aspirated from apparently normal knee joints of deceased subjects. Fluids from 8 to 10 normal knees were pooled to provide about 10 ml. pools of normal synovial fluid were collected. The p-oled fluids were diluted with an equal volume of a buffer (0.03 M NaHCO3 and 0.15 M NaCl, pH 8.1), dialyzed against 500 ml of distilled water (changed twice daily) for 48 hours at 20 C, and lyophilized. Synovial fluid from patients with primary osteoarthritis or rheumatoid arthritis.' About 10 ml of synovial fluid was obtained from the involved knee joint of 1 patient with primary osteoarthritis and from 2 patients with rheumatoid arthritis. These fluids were treated in the same manner as the pooled normal synovial fluids.
Normal serum. The total protein-bound hexose of pooled normal serum was precipitated with ethanol according to the method of Winzler (4) , and dried in a vacuum over P205.
Hydrolysis. Lyophilized solids (80 mg) of pooled normal synovial fluid were hydrolyzed in 1 ml of 2 N H2SO4 in a sealed tube for 2 hours at 1000 C. The hydrolysate was adjusted to pH 5.0 with Ba(OH)2, and the insoluble BaSO4 removed by centrifugation. Lyophilized solids of osteoarthritic synovial fluid (100 mg), rheumatoid synovial fluid (100 mg), and the dried precipitate of normal serum (100 mg) were similarly hydrolyzed and neutralized.
Zone electrophoresis. The technique employed was modified from that of Miiller-Eberhard and Kunkel (5 Electrophoresis of the hydrolysates of osteoarthritic synovial fluid, rheumatoid synovial fluid, and normal serum was similarly performed.
Removal of sodium borate. It was necessary to remove sodium borate from the eluates prior to chromatography. The eluates containing hexoses were passed through a column (5 X 0.9 cm) of Amberlite 1R-120 (H' form). The effluent was evaporated to dryness in a vacuum, methanol (3 additions of 5 ml each) added, and the methyl borate removed by vacuum distillation at 30°C (6) . The eluates containing hyalobiuronic acid were passed through a column (3 X 0.9 cm) of equal parts (by weight) of carbon and celite (7) . The sodium borate was washed from the column with distilled water (3 additions of 10 ml each). The hyalobiuronic acid was then eluted from the column with 10 ml of 30 per cent (vol/vol) aqueous ethanol.
Chromatography. Ascending paper chromatography was performed using Whatman no. 1 paper at room temperature for 16 hours. Hexoses were separated in isopropyl alcohol-water (8: 2) (8), and the chromatograms were stained with aniline hydrogen phthalate. Eluates containing hyalobiuronic acid were chromatographed in butanol-acetic acid-water (6: 2: 2), and the chromatograms were stained with either aniline hydrogen phthalate or p-dimethylaminobenzaldehyde in HCI (8) .
Analytical methods. All the eluates were analyzed for hexoses by an anthrone method (9) . Anthrone reagent was prepared by adding 100 ml of C.P. H.SO4 to 0.2 g of anthrone. Five ml of anthrone reagent was added to Pyrex test tubes (25 X 150 mm) in water at 10°C. An aliquot (2.5 ml) of each eluate was layered on top of the anthrone reagent. A reagent blank (2.5 ml of the Na-HCO3-NaCl buffer) and the hexose standard (1 ml containing 50 ,ug per ml of galactose and 50 Ag per ml of mannose plus 1.5 ml of buffer) were similarly prepared. The tubes were covered with glass marbles, shaken, removed from the water, and allowed to stand at room temperature for 5 minutes. The tubes were immersed in water at 1000 C for exactly 6 minutes, and then cooled in water at 100 C for 5 minutes. Optical density was determined in a Beckman DU spectrophotometer at 625 m/u. Some of the eluates were also analyzed for hexosamine (10) and hexuronic acid (11) . Lyophilized nondialyzable solids of synovial fluids were analyzed for hexose, hexosamine and nitrogen (12).
Determination of nondialyzable hexose concentration
Synovial fluid was obtained from two groups of subjects with apparently normal knee joints. The first group consisted of 22 deceased subjects of varying ages who had no evidence of acute illness. The second group, was composed of living subjects in coma from an acute cerebral vascular accident. The methods of aspiration and preservation of the fluid are described elsewhere (10) . Synovial fluid was also obtained from involved knee joints of patients with active rheumatoid arthritis or primary osteoarthritis. The diagnosis of definite rheumatoid arthritis fulfilled the criteria of the American Rheumatism Association (13) . The diagnosis of primary osteoarthritis was established by history, physical examination, X-ray changes, normal erythrocyte sedimentation rate, and negative latex fixation test. Serum was obtained from the living subjects at the time synovial fluid was aspirated.
Dialysis. To a weighed aliquot (0.2 g) of normal or osteoarthritic synovial fluid was added 2.5 ml of a buffer (0.03 M NaHCO3, 0.15 M NaCl, pH 8.1). To rheumatoid synovial fluid (0.15 g) 3 ml of buffer was added. Each diluted fluid was mixed, added to cellulose casing (Visking, 8%2 inch) and dialyzed against 500 ml of buffer changed twice daily for two days at 20 C. To weighed aliquots (0.25 g) of serum from normal subjects or patients with osteoarthritis was added 3 ml of buffer. A smaller aliquot (0.15 g) of serum from patients with rheumatoid arthritis was similarly diluted with buffer. The diluted sera were then dialyzed against buffer.
Alcohol precipitation. In a few synovial fluids and sera, the values for nondialyzable hexose were compared with protein-bound hexose precipitated by alcohol.
Weighed aliquots similar to those described above were taken. Normal synovial fluid was diluted 1: 5 with tap water; rheumatoid synovial fluid was diluted 1: 1; serum was not diluted. To the diluted fluids and sera 10 ml of cold absolute ethanol was added with constant stirring. After standing for 30 minutes at 20 C, the tubes were centrifuged, the precipitate washed once in ethanol, and then dissolved in 2 or 3 ml of buffer.
Hexose analysis. To 5 ml of anthrone reagent in Pyrex test tubes immersed in water (100 C), 0.5 ml buffer and 2 ml 2 of diluted dialyzed synovial fluid were carefully added down the side of the tube. For analysis of serum, 1.5 ml of buffer and 1 ml of diluted, dlialyzed serum were used. A hexose standard (1 ml containing 50 ,ug per ml of galactose and 50 ,ig per ml of mannose plus 1.5 ml of buffer) and a reagent blank (2.5 ml of buffer) were similarly prepared. The determination was carried out as described above. Protein determination. A biuret method was used (14) . When the total volume of synovial fluid was less than 0.3 g a modified Folin method (15) galactose and mannose were identified in their respective zones (Figure 2 ). Fucose was found in Zone III between galactose and mannose. The fifth zone moved more slowly than mannose, and contained hexosamine and hexuronic acid. After sodium borate was removed, the molar ratio of hexuronic acid to hexosamine in the pooled eluates of this zone was 1. Chromatography revealed two carbohydrates (Figure 3 ). That present in highest concentration migrated a distance identical to authentic hyalobiuronic acid,3 and stained red with p-dimethylaminobenzaldehyde in HCL. The other sugar, present in trace amounts, migrated a distance identical to authentic N-acetyl hyalobiuronic acid,3 and stained purple with p-dimethylaminobenzaldehyde in HC1. 3 Kindly supplied by Dr. Karl Meyer, College of Physicians and Surgeons.
Hydrolysates of osteoarthritic and rheumatoid synovial fluids. Glucose, galactose, fucose, mannose, hyalobiuronic acid and trace amounts of N-acetyl hyalobiuronic acid were identified in the acid hydrolysates of nondialyzable solids of these synovial fluids.
Hydrolysate of normal serum. Glucose, galactose, fucose and mannose but no hyalobiuronic acid or N-acetyl hyalobiuronic acid were found in the acid hydrolysate of the ethanol precipitate of serum.
II. Concentration of nondialyzable hexose in synovial fluid
The mean value for the nondialyzable hexose concentration in synovial fluids from 22 deceased subjects with normal joints was 0.54 mg per g ( Figure 4 and Table II) . Synovial fluid and The nondialyzable hexose concentration was not elevated in seven osteoarthritic fluids ( Figure  4 and Table II ). The volume of each of these fluids was less than 3 ml except for Tio (50 ml) and Cuo (12 ml). The nondialyzable hexose concentration in the sera of the patients with primary osteoarthritis ws as normal. The synovial fluid protein concentration was normal in all the osteoarthritic fluids. The nondialyzable hexose concentration was above 0.70 mg per g in all the rheumatoid fluids from involved knees ( Figure 4 and Table II Galactose, mannose and small amounts of glucose and fucose were identified in the acid hydrolysates of dialyzed, lyophilized synovial fluids and in the ethanol precipitate of serum. The finding of glucose in these hydrolysates is of interest since in a recent discussion glucose was thought not to be one of the hexoses bound to human serum proteins (19) . Hyaluronate fragments isolated from the hydrolysates of nondialyzable solids of normal and rheumatoid synovial fluids were identified as hyalobiuronic acid.
The nondialyzable hexose concentration in human synovial fluids was determined with the anthrone reagent using a solution containing equal amounts of galactose and mannose as a standard.
The small volumes of viscous fluid taken for analysis were weighed rather than pipetted. The anthrone reaction of isolated protein-free hyaluronate was small (2.5 per cent of the hyaluronate concentration) and, therefore, no correction was made in the hexose levels for the hyaluronate of synovial fluid.
The mean value for the nondialyzable hexose
